We propose a new methodology to provide fair prices of international mutual funds by adjusting prices at the individual securities level using a comprehensive information set. Stepwise regressions are used to endogenously determine the stock-specific optimal set of instruments in estimating the fair price of each stock in a fund. We compare the performance of our approach with existing ones using 16 U.S.-based Japanese funds. Our method predicts significantly more accurately fund prices at next-day Japan open, which are the best proxies for the unobserved prices at U.S. close. The existing methods are shown to be highly vulnerable to speculative attacks while our method is the most successful in preventing such strategic exploitation in that no competing method can profit significantly from our stated price. Our method can profit from the existing methods significantly by between 23 to 80 percent annually. Simulation results show that our method is superior to existing ones regardless of the style of the funds, such as different turnover ratios, stock sizes, number of stocks in a fund, and book-to-market ratios.
Introduction
Over the past two decades, with international financial markets becoming more and more integrated, the extent of cross-border investments has been steadily increasing. One convenient instrument for cross-border investing is international mutual funds because they offer international diversification benefits and professional management at reasonably low costs. To provide daily liquidity to investors, an international mutual fund allows investors to buy and sell shares of the fund at its net asset value (NAV), which is typically estimated by the daily foreign market close prices of the constituent foreign stocks of the fund. If the U.S. trading hours do not coincide with the foreign trading hours, the NAV estimated by the so-called stale prices of the stocks will not reflect the true value of the fund at the U.S. market close. Consider a U.S.-based fund investing solely in Japanese stocks traded at the Tokyo Stock Exchange which closes at 1am EST. At 4pm EST when the U.S. market closes, the previous Japan close prices of the stocks that are to be used to estimate the NAV of the fund will be 15 hours old. An investor can use the new information that arrived between Japan close and U.S. close to guide his buy/sell decisions. For example, suppose that positive news about the Japanese stocks is released after Japan close and before U.S. close, an investor can buy the fund at its NAV which is determined by the Japan close prices of the stocks, and expect the asset prices to go up the next day to make a profit.
The issue that stale pricing can be subject to serious speculative attacks has been discussed by previous researchers. See Bhargava et al. (1998) , Boudoukh et al. (2002) , Chalmers et al. (2001) , Goetzmann et al. (2001) , Greene and Hodges (2002) , and Zitzewitz (2003) . The issue has recently captured much regulatory attention. For example, on April 13, 2004, the SEC voted to adopt disclosure requirements for mutual funds to explain in their prospectuses both the circumstances under which they will use fair value pricing and the effects of using fair value pricing. The SEC originally proposed to impose a mandatory two percent fee on investors who take money out of a fund within five days, but had to recently shelve the proposal due to opposition from investors. 1 The mutual fund industry indeed has various policies in place to curb daily speculation, such as front-end loads, redemption fees, transaction fees, and transaction restrictions. However, loads and redemption fees are in general not welcomed by investors.
Furthermore, even though fees may attenuate the speculative profitability for an individual market timer, but they cannot resolve the stale pricing problem at the fund level. So long as funds use the wrong price, there is room for market timers to exploit the passive (or buy-andhold) investors. Furthermore, fees will necessarily create economic distortions because they impose costs on all investors, not just those attempting to exploit pricing errors. Transaction restrictions, while not imposing an explicit cost to investors, can already create a deadweight loss due to the loss in liquidity. To prevent market timing, a fund may also require purchase and redemption on the basis of the next-day NAV. However, this method creates additional price uncertainty in investors' decision making and is therefore not welcomed.
Perhaps a better way to resolve mutual fund pricing problem is to obtain a good estimate of the unobserved true NAV at the time of trading, and use the estimated price (the so-called fair price) for actual transactions.
2 Goetzmann et al. (2001) suggests setting the NAV of a fund using market-wide available information up to the time of the exchange in fund shares. In their empirical work, they use the S&P500 index returns at U.S. close to adjust the NAV of the funds.
This paper suggests a new method to estimate fair prices of U.S.-based mutual funds investing in international stocks by adjusting prices at the individual securities level using stepwise regression. Our work is built upon Goetzmann et al. (2001) , but has several significant extensions. By adjusting prices at the individual securities level, our method can incorporate the effects of dynamic factor loadings due to portfolio turnover. In addition to market-wide information which is employed by Goetzmann et al. to adjust fund prices, inspired by the literature on cross-border linkage of security returns we employ a comprehensive set of relevant information available at U.S. close to estimate the fair prices of the constituent foreign stocks in a fund. 3 To use information efficiently, we employ a simplified version of stepwise regression to endogenously determine the parsimonious security-specific optimal set of instruments to be included in estimating the price of each stock under investigation. Since the information set we consider is rather broad, it will not be feasible to utilize this information set in a parsimonious regression at the portfolio level. Finally, we also improve upon the design of our regression to estimate fair prices. Goetzmann et al. use as their dependent variable the percentage change in a fund's NAV in dollar terms at U.S. close (which reflects the stale price in foreign currency terms at foreign market close and exchange rate at U.S. close), whereas we use security return in dollar terms from previous-day foreign close to foreign open as the dependent variable in our regression. Our design shortens the irrelevant interval covered by the dependent variable, thereby avoiding introducing additional noise into our regression. The reduction in noise relative to signal allows us to estimate our regression parameters more efficiently.
We compare the performance of our method which estimates fair prices at the individual securities level with Goetzmann et al. (2001) that adjusts prices at the portfolio level using 16 U.S.-based mutual funds investing exclusively in Japanese stocks. We find that our approach 3 Chalmers et al. (2001) estimate the fair price of a small-cap domestic fund. The stale pricing problem arises due to intra-market non-synchronous trading (mostly for small-cap stocks). Greene and Hodges (2002) , however, demonstrate that there is little evidence of daily fund flows consistent with strategic trading in domestic funds and that there is little evidence of dilution impact. This paper deals with stale pricing for international funds due to intermarket non-synchronous trading. Apparently, there exists also intra-market non-synchronous trading in the foreign market and this can magnify the stale pricing problem induced by inter-market non-synchronous trading for international funds. However, this paper does not address the former issue because we do not have detailed data on last trading of foreign stocks. Furthermore, the inter-market induced stale pricing problem is obviously much more serious than that induced by non-synchronous trading in the foreign market in our context. yields significantly lower root mean square errors (RMSE) in predicting fund prices at the nextday Japan open, which are the best proxies for the unobserved prices at U.S. close, than the alternative regardless of the choice of market indexes used in the latter approach. While both methods remove much of return predictability of stale prices, the fair prices adjusted at the portfolio level remains highly vulnerable to speculative attacks. In contrast, our fair prices obtained at the individual securities level are not significantly exploitable. Furthermore, given any other estimated fair price from the existing approach, our method can profit from it significantly, and our method is also more successful than other competing methods in profitably exploiting the candidate fair price.
The remainder of the paper is organized as follows. Section I describes the existing methods as well as our method of estimating fair prices of international mutual funds. Section II explains the information set employed in our empirical analysis and describes the data. The design of experiment is presented in Section III. Empirical results for 16 U.S.-based Japanese mutual funds are reported in Section IV. Section V conducts a number of simulations to check for robustness of our results and the final section concludes the paper.
I. Extant vs. Proposed Fair-Pricing Approaches
Recent studies by Bhargava el al. (1998) , Bhargava and Dubofsky (2001) , Chalmers et al. (2001) , Goetzmann et al. (2001) , Greene and Hodges (2002), and Zitzewitz (2003) point out that a simple trading rule using the S&P500 index returns as the signal to trade on international mutual funds can generate substantial profits. Given the overwhelming evidence on national stock market comovement, it is not surprising that returns on the S&P500 index can predict the over-night returns on foreign securities and as a result, a simple trading rule using the former to infer the latter turns out to be considerably profitable. 4 We present the estimation methods in the context of pricing a Japanese fund, although they can be similarly applied to multi-country funds. The following equation is employed by Goetzmann et al. (2001) to estimate the fair price of U.S.-based international fund shares:
where K, t R refers to the percentage change in fund K's unadjusted NAV in dollar terms measured at U.S. close from day (t-1) to day t. Because the unadjusted NAV is computed using stale prices, K, t R in fact compounds the return in yen terms of Japanese stocks from Japan close on day (t-1) to Japan close on day t and the return in the yen exchange rate from U.S. close on day (t-1) to U.S. close on day t. This relationship is shown below:
where stock t K P , is the value of the underlying stocks (or NAV of the fund) in yen terms at Japan close on day t, stock t K R , is the return of the stocks, t S is the dollar price of the Japanese yen at U.S.
close on day t and On the right hand side of regression (1), 1 
M, t-R
denotes the return on index M from U.S.
close on day (t-2) to U.S. close on day (t-1), where M can be the S&P500 index and/or other market-wide information such as the Nikkei225 or the Japan exchange traded fund (ETF) index,
β are regression coefficients, and K,t µ is the error term. Once the regression coefficients are estimated using information available at U.S. close on day t, the fund's NAV on day t can be adjusted by multiplying the unadjusted NAV available at U.S. close on day t (which is computed using stale stock prices at Japan close on day t) by ) 1 (
, while ignoring the K α as it is empirically small and insignificant. In their empirical work, Goetzmann et al. use the S&P500 index return as the single explanatory variable to adjust a fund's daily share price.
Although the above approach is shown to be able to reduce much return predictability in international funds, two problems can emerge. Firstly, as asset price is adjusted at the fund level, this approach may fail to incorporate the effects of dynamic factor loadings due to portfolio turnover. Secondly, since only market-wide information (e.g. the S&P500 and ETF indices) is employed to adjust the NAV of a fund, the above approach potentially ignores valuable information that may help determine the fair prices of the constituent stocks in the fund. Failure to account for valuable information can result in the estimated fair prices vulnerable to exploitation if a sophisticated speculator can design a more efficient estimation strategy to make better use of the information.
Inspired by the literature on cross-border linkage of security returns, we propose a new approach to overcome the above problems. The international asset pricing literature suggests that in addition to the U.S. market portfolio, other factors such as the Japanese market portfolio, industry portfolios, foreign exchange rate, distress and momentum factors, can also have explanatory power for the returns of Japanese securities. These factors affect individual security prices differently depending on aspects such as the accessibility of the particular Japanese security to U.S. investors, the security's currency exposures, etc. Hence, adjusting asset prices at the securities level may better reduce the return predictability in U.S.-based Japanese funds. We propose to estimate the concurrent yet unobservable prices of Japanese securities at the U.S.
close using the following regression model:
where the lower case i,t r refers to the return in dollar terms on Japanese stock i from Japan close on day (t-1) to Japan open on day t, F refers to the factors that we use to estimate the returns on Japanese securities, and
are the returns of those factors from U.S. close on day (t-2) to U.S.
close on day (t-1). The factors are all observable at U.S. close and hence make up our base information set for predicting Japanese securities returns. Once the regression coefficients are estimated, security i's price at U.S. close on day t is then estimated as its unadjusted dollar price measured at Japan close on date t multiplied by ) 1 (
, while ignoring the i α following
Goetzmann et al. A fund's price can then be calculated as the value-weighted average price of its constituent stocks.
To trade off information vs. noise embedded in those pricing factors, in our empirical estimation we employ a version of stepwise regression to endogenously select only those pricing factors that are significant at the one percent level for each security. We implement the forward selection procedure under which we start with the intercept. Variables are then added one at a time, where the variable that gives the highest partial F-statistic at each step is chosen. The choice of variables is finalized when the next best variable is not significant at the predetermined one percent significance level (see Draper and Smith (1998, pp. 335-344) for more information of stepwise regression and the forward selection procedure). All regressions are estimated by OLS.
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Our methodology also improves upon the regression design. As illustrated in Figure I , the dependent variable in Goetzmann et al., K, t R , which is the compounded return on the underlying stocks (in yen terms) and exchange rate, covers the period from Japan close on day (t-1) to U.S.
close on day t, while our dependent variable, i,t r , covers the period from Japan close on day (t-1) to Japan open on day t. Since the return from Japan open to U.S. close on day t is unforecastable by the explanatory variables at U.S. close on day (t-1), this setup of our dependent variable avoids introducing additional noise into our regression. This design increases the signal to noise ratio in our regression relative to Goetzmann et al., thereby resulting in more efficient estimation of regression parameters.
II. Relevant Information Set, Data and Sample Statistics
In this section, we discuss the information set used to estimate the over-night returns of Japanese securities and describe the data and sample statistics.
A. Relevant Information Set

U.S. and Japanese Market Portfolios
Goetzmann et al. show that the S&P500 index has predictive power over the next-day Japanese fund share prices. Since the Nikkei225 futures contracts are traded on the Chicago Mercantile Exchange and their returns are observable during U.S. trading hours, it is thus interesting to ask whether the Nikkei225 will have additional predictive power over and above the S&P500 for returns on Japanese securities. According to international capital asset pricing theory, if the Japanese market is segmented from the world market, the Nikkei225 should be the only pricing factor for Japanese securities. On the other hand, if the Japanese market is fully or partially integrated with the world, the S&P500 and Nikkei225 should have their own distinctive predictive power on the over-night returns of Japanese securities. 6 Results from Campbell and Hamao (1992) suggest that the U.S. and Japanese markets are at least partially integrated. In addition to the Nikkei225, we also consider the Japan ETF (iShares) and the equally-weighted Japanese ADR index as alternative proxies for the Japanese market portfolio.
Size, Book-to-market, and Momentum Factors
The empirical four-factor asset pricing model has been widely used to characterize security returns since the landmark work by Fama and French (1996) and Carhart (1997) . 7 On the international front, Fama and French (1998) show that value-growth returns are positively correlated across countries and that the international two-factor model with the global market and distress as factors is superior to the international CAPM in explaining the global value premium. Jegadeesh and Titman (1993) document the profitability of momentum trading strategies. Rouwenhorst (1998) examines international momentum effects and finds that international momentum returns are correlated with those of the U.S. He argues that exposure to a common global factor may drive the profitability of momentum strategies. If global component is indeed present in size, book-to-market and momentum factors, U.S. factors should be considered as relevant pricing factors for Japanese securities. We therefore include the U.S. size, book-to-market and momentum factors in our information set.
Foreign Exchange Rate
Motivated by previous literature, we include the daily change in the Japanese yen exchange rate in our regression. Jorion (1990) and Williamson (2001) show that changes in foreign exchange rates can affect firm values at various degrees depending on firms' foreign exchange exposures. Dumas and Solnik (1995) document that foreign exchange risk is priced in equity returns of the world's four major equity markets. Using a panel of 171 Japanese multinational firms with substantial export to sales ratio, He and Ng (1998) document economically significant exposures in one quarter of the firms and show that a depreciation (appreciation) in the value of the yen results in a positive (negative) impact on the value of these Japanese exporting firms.
Industry Factors
While industry factors are found to account for only a relatively small proportion of the variance of national stock market returns, Griffin and Karolyi (1998) suggest that the importance of industry effects in stock returns vary across industries: firms that produce goods traded internationally are found to have stronger industry effects in their returns than those that produce non-traded goods. 8 Beckers et al. (1996) show that industry factors have additional explanatory power for security returns beyond global market and country-specific effects. Since industry factors contain relevant pricing information on security returns, we include them in the information set.
American Depository Receipts (ADRs)
An ADR represents a claim on the shares of its underlying home country security. In theory, the price movements of the former should mimic those of the latter and should hence be the only relevant pricing factor for the latter. Studies by Froot and Dabora (1999) and Chan et al. (2003) , however, find that a security's price is also affected by the investor sentiment of the country in which it is traded. 9 As such, ADRs should not be regarded as the only relevant pricing factor for their underlying home country securities. Considering that ADRs may also contain pricing information for their closely related firms, we include all Japanese ADRs in our information set.
B. Data Description and Sample Statistics
We obtain daily close-to-close return, open and close prices, market capitalization, industry classification, and fiscal year-end book-to-market ratios of Japanese securities from the Pacific-Basin Capital Market database (PACAP), which covers all securities traded on the Tokyo Stock Exchange from January 1, 1975 To define the size membership of Japanese securities, we adopt a similar approach to that in Fama and French (1996) . Specifically, at the beginning of July each year, we sort all Japanese stocks in PACAP in descending order by their market-cap at the end of June. The top 30 percent are classified as large-cap stocks, the middle 40 percent as mid-cap, and the bottom 30 percent as small-cap. The book-to-market membership of Japanese securities is defined in a similar manner.
To construct industry portfolios, we group CRSP stocks into industry portfolios in a way similar to that in Fama and French (1997) . However, to make the number of industries manageable, instead of classifying firms into forty-eight industries, we use a twelve-industry classification.
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The size, book-to-market and industry groups are updated at the beginning of July each year based on data at the end of June. The daily portfolio returns are calculated from July 1 to June 30 of the following year. Our sample period spans over 11 years, from January 2, 1991 to December 31, 2001.
We obtain the portfolio composition and sample characteristics of the U.S.-based Japanese funds from Morningstar. There are 16 pure Japanese funds (excluding index funds) alive in the Morningstar database as of March 2004 when we start this research. Table I reports the sample statistics of these 16 funds. Several things are noteworthy. The majority of the funds 11 The details of our industry classification and Japanese ADRs are provided in the Appendix.
follow a "large-cap" style (10 out of 16) and "growth" style ( 
III. Design of Experiment
To evaluate the effectiveness of fair-pricing approaches, we design an experiment in which we compare the out-of-sample forecast accuracy and exploitability of competing fairpricing methods using simulated daily holdings of Japanese funds. The details of the experiment are discussed below.
A. Simulation of Fund Holdings: Actual vs. Synthetic Fund
Since during the sample period the SEC only requires mutual funds to disclose their portfolio holdings on a semi-annual basis, daily holding information is not available to the public and hence need to be simulated for the purpose of this project. 12 We simulate the daily portfolio holdings of the sample Japanese funds based on the turnover ratio and stock characteristics of the actual holdings of the U.S.-based Japanese funds. As a start, we obtain the most recent portfolio composition and turnover ratio information of U.S.-based Japanese funds from Morningstar. We then match each fund's constituent stocks with the securities in PACAP. If a stock is not identifiable in PACAP, we replace it with one randomly selected from the PACAP database.
With the turnover ratios and stock characteristics of the 16 actual Japanese funds, we can 12 The SEC now requires all funds to report their portfolio holdings on a quarterly basis for periods ending on or after simulate their daily portfolio holdings. 13 We assume that every stock has an equal probability of being replaced by another stock with the same size membership. The probability of a stock being replaced is set equal to a fund's daily turnover ratio. We conduct 400 simulations for each fund.
Furthermore, we simulate daily fund holdings for four sets of synthetic funds. We are interested to see whether our empirical results hold up across funds with different turnover ratios, number of securities in portfolio, stock size, and book-to-market ratio characteristics. Hence, we construct synthetic funds along these dimensions. To construct synthetic funds with varying turnover ratios, we assume that each fund holds 69 securities, which is the median number of securities held by the 16 actual funds, and that these 69 stocks are randomly drawn from the universe of all Japanese stocks in PACAP. We allow the annual turnover ratio to vary from 10 to 1,000 percent. To construct funds with varying number of constituent stocks, we assume that each fund has an annual turnover ratio of 92.5 percent, the median turnover ratio of the 16 actual funds. Again, these stocks are randomly drawn from the PACAP universe. We then construct the synthetic fund with the number of constituent stocks ranging from 25 to 500. The synthetic large-, mid-, and small-cap (high-, mid-, low-book-to-market ratio) funds are constructed by assuming that each fund has an annual turnover ratio of 92.5 percent and holds 69 stocks in their portfolio; then the securities for each fund are randomly drawn from its corresponding size (book-tomarket ratio) category. Except for the experiments on the book-to-market ratio characteristic, where we replace stocks with the ones having the same book-to-market ratio membership, we always replace stocks based on their size characteristics. We conduct 400 simulations for each fund.
B. Performance Measures
In comparing the effectiveness of fair-pricing methods, we look at three performance measures: (1) a method's out-of-sample forecast accuracy; (2) the exploitability of the method by alternative methods; and (3) the profitability of the method in exploiting other methods. It seems intuitive that a better method should be one that yields a more accurate out-of-sample forecast, one whose stated price is more successful in preventing exploitation by other methods, and one that can exploit more profit from the stated price of an alternative estimation method than other feasible alternative methods.
To calculate the out-of-sample forecast accuracy, we compare the share price forecasted by each fair-pricing method with the actual price of the fund measured at the next-day Japan open. 14 Recall that our purpose is to provide the best estimates of the unobserved stock prices η . D1, D2, and N denote the starting, ending, and length of the forecasting period, respectively.
To conduct a formal statistical test for the relative forecast accuracy of two competing methods, 1 Q and 2 Q , we form the difference of square forecast errors and construct the associated t-statistic as follows: 
Note that the first term on the right hand side of (8)
, is the difference in the genuine estimation errors by two competing methods. Therefore, the true t-statistic to compare the relative performance of two competing methods should be 
The above argument demonstrates that the t-statistic d t defined in (7) that we will compute understates the true statistical significance of one estimation method against another.
To avoid data mining, we use an accumulative estimation window for our method, while allowing the competing methods to use their respective optimal windows. An optimal window is defined as the one which produces the lowest RMSE over the forecasting period averaged across the 16 funds. Since doing so is likely to work against our method, if we still find our method performing better than the competing methods, the superiority of our method will be more evident.
Lastly, we measure the exploitability of an estimation method by an alternative method by calculating the profit of a simple trading strategy: buy a fund's share when the stated price by an alternative method is higher than the price stated by the one method to be exploited, and avoid investing in the fund when the stated price by the alternative method is lower than or equal to the price stated by the one method to be exploited. As short selling mutual funds is in general not allowed, we assume that in the latter case the position is held in the U.S. three-month T-bill. For simplicity, we assume that there is no transaction cost and that the decision is made daily.
Although the assumption of zero transaction cost may not be realistic, it is acceptable assumption in our study because we are comparing alternative pricing methods. As long as the assumption is applied uniformly across all methods, it will not bias the study in favor of any method. This experiment is similar to that of Goetzmann el al. (2001) . The trading profit is calculated daily and averaged over the sample period. A method is exploitable by an alternative method if the profit of this trading strategy is significantly greater than a benchmark strategy. We consider two benchmark strategies: buy-and-hold the U.S. T-bill and buy-and-hold the mutual fund under investigation for the entire sample period. If our method is indeed better than the competing methods, we expect that it will be difficult for the alternative methods to exploit the stated price of our method and that our method could exploit more profit from the stated prices of alternative estimation methods than other feasible alternatives. Standard t test is employed to test whether a trading profit is statistically different from zero.
IV. Empirical Results from 16 Japanese Mutual Funds
Our out-of-sample forecasting exercise starts on January 6, 1993 and ends on December 31, 2001 for the 16 actual Japanese mutual funds. To implement our methodology, for each constituent stock in a fund on each day, we run a stepwise regression of Equation (2) using the instrumental variables introduced in Section II. Once the optimal set of factors is selected from the stepwise regression, we use the estimated parameters to adjust the stock price. The regression is rolled over daily with an accumulative window as a new observation becomes available. Table II reports the mean return, standard deviation, and cross correlation of the factors included in our information set. The proportion of times these factors are selected in our stepwise regressions into our final regression model are also displayed. Although it is eye-catching that the dollar-yen exchange rate is selected most often (94 percent of the time), it should not come as a surprise given the way our regression equation is set up. 16 It is interesting to note that the Nikkei225 and S&P500 futures are selected 66.24 percent and 42.92 percent of the time, respectively, suggesting that both indices contain material information about the over-night returns of Japanese securities with the former somewhat more important. The Japan ETF is selected only 8.29 percent of the time, implying that the Nikkei225 futures index is a superior proxy for the Japanese market portfolio to the Japan ETF. ADRs, size, industry, book-to-market and momentum factors also help predict Japanese security returns. They are selected into the regression model 4.49, 2.06, 2.02, 1.88, and 1.78 percent of the time, respectively. The correlation structure suggests that these factors are only moderately correlated except for Nikkei225, Japan ETF and ADRs. However, in cases where one of the three Japanese indexes are chosen, it is highly unlikely that any of the other two would be chosen as well. Hence, the multi-collinearity problem is not a major concern in our empirical model. 16 In our regression model, we use the percentage changes in the dollar price of a Japanese security from Japan close to the next-day Japan open as the dependent variable. In this setting, even if a security's yen price remains unchanged during the period, its regression coefficient on the dollar-yen rate would be close to unity and is likely to be highly significant. Hence, it is not surprising that the exchange rate is selected most often compared to other factors.
The existing alternative estimation method adjusts asset prices at the fund level using Equation (1) with market-wide information. We explore seven sets of market-wide explanatory variables in this case: (1) the S&P500 futures; (2) the Nikkei225 futures; (3) the S&P500 futures plus Nikkei225 futures; (4) the Japan ETF; (5) the equally-weighted average ADR index; (6) the S&P500 futures plus the Japan ETF; and (7) day Japan open prices using the Nikkei225 index alone is always lower than that using either the Japan ETF or the ADR index, while Panel B demonstrates that the RMSE using the Nikkei225 plus the S&P500 is superior to that using either alternative index plus the S&P500. Since the Nikkei225 is clearly dominating, we use only this index to proxy for the Japanese market portfolio, and will only report competing results using information sets (1)-(3).
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Figure III displays the RMSE against the window size for each of the three competing methods. We find that the cumulative window produces the lowest RMSE for the methods using the S&P500 and the Nikkei225 indices alone respectively, while the 360-day fixed moving window is the optimal window size for the method using both the S&P500 and Nikkei225. These respective optimal window sizes are used in estimation.
A. Root Mean Square Errors η captures the specific genuine estimation error of method Q. Therefore the presence of t ξ makes the percentage difference in RMSE across competing methods smaller than the true percentage reduction due to the genuine estimation error. Also, as demonstrated in Equation (10), the t-statistics underestimate the true statistical significance of the difference between our method and the competing methods. With this caveat, an insignificant t-statistic will not necessarily imply that our method does not perform better, but a significant t-statistic will clearly indicate the superiority of our method relative a competing method. Two observations can be made from Table III. Firstly, across estimation approaches, we find that stale pricing yields the highest RMSE in predicting fund prices at next-day Japan open. Method 3 (the Nikkei225 futures index alone) produces the second highest RMSE, followed by Method 2 (the S&P500 futures index alone), and Method 4 (the S&P500 futures and Nikkei225 futures indices combined). Our approach with stock-specific predicting variables produces the lowest RMSE among all methods. This is true across all 16 funds. Averaging over the 16 funds, we find that the mean RMSE using stale pricing is 0.771 percent. This number reduces to 0.694 percent for Method 3, 0.677 percent for Method 2, 0.651 percent for Method 4, and 0.632 percent for our method.
Secondly, according to Panel B of Table III , across all 16 funds, our method produces a lower RMSE than stale pricing with the average t-statistic of -8.758. While this is a markedly high statistic, it is not surprising given that stale price is a lousy predictor of next-day open price.
Compared with other fair pricing estimation methods, our method beats Method 2 (the S&P500 futures index alone) at the 1 percent significance level for all 16 funds, with an average t-statistic of -5.106; and beats Method 3 (the Nikkei225 futures index alone) at the 1 percent level across 16 funds, with an average t-statistic of -6.227. While our method outperforms Method 4 (with the S&P500 and Nikkei225 indices combined) by a smaller margin, it does so at the 1 percent significance level for 13 funds and at the 5 percent significance level for 2 additional funds. The average t-statistic over all 16 funds is -2.829, which is significant at the 1 percent level.
B. Exploitability
Given a declared price by one estimation method, we investigate how likely and by how much an alternative estimation method can profit from this stated price. In principle, an ideal method should employ the most updated and most relevant information and should use the information most effectively to come up with accurate estimate of a stock price at U.S. close. A perfect estimate should yield the true (but yet unobserved) stock price at U.S. close such that no method can profit from the declared price in an efficient market. However, in reality since no estimation method is perfect, when a stated price from one method is different from the true price, an alternative method which uses information not fully incorporated in the stated price may be able to profit from the stated price even if this alternative method may not necessarily be a superior method in terms of forecast accuracy. Of course, the more accurate an alternative method is in estimating the true price, the more likely the method is going to profit from a stated price. Therefore, it seems natural to evaluate the various estimation methods based on two additional criteria: (1) a good method should be one whose stated price is successful in guarding exploitation by other methods; and (2) a good method should be one that can exploit more profit from a stated price of an alternative estimation method than other feasible alternative methods. Table IV reports the results using the benchmark of holding the U.S. T-bill. Panel A displays the mean excess returns and the associated t-statistics that our method can be exploited by the other alternative methods. For an alternative method to profit significantly at the 5 percent level from our stated price, a positive t-statistic larger than 1.96 is required. As the t-statistics show, none of the alternative methods can significantly exploit our method even at the 10 percent level for any of the 16 funds. Most of the t-statistics are below unity. Not surprisingly, across the four alternative methods, Method 5 (stale price) is the weakest method in exploiting our stated price with the average t-statistic of 0.324 over 16 funds, whereas Method 4 (the S&P500 plus Nikkei225 indices) is the strongest with the average t-statistic equal to 1.271. Method 2 (the S&P500 index alone) performs somewhat better than Method 3 (the Nikkei225 index alone).
These results, consistent with those on the comparison of out-of-sample RMSE's, imply that the S&P500 index in general contains more (or better) information than the Nikkei225 index in pricing Japanese stocks. However, neither factor can entirely substitute for the other. Combining the two indices clearly improves estimation efficiency, but the improved estimate is insufficient to exploit profitably our method.
Organized in the same manner, Panel B of Table IV presents the excess profits and the associated t-statistics that Method 2 (the S&P500 index alone) can be exploited by the other methods. The t-statistics indicate that Method 2 can be profited significantly at the 1 percent level by our method, Method 3 (the Nikkei225 index only) and Method 4 (the SP500 plus Nikkei225 indices). Across 16 funds, the average daily profit that our method can exploit Method 2 is 0.200 percent (annualized to 50 percent) and the associated average t-statistic is 4.278, whereas the respective numbers for Method 3 (the Nikkei225 alone) are 0.204 percent and 4.292. Therefore, our method and Method 3 appear to be roughly equally efficient, and both methods are more effective than Method 4 in exploiting Method 2.
Panel C shows that Method 3 (the Nikkei225 alone) can be exploited profitably at the 5 percent significance level for the 16 funds by all alternative methods except the stale price.
Comparing Panels B and C, it is interesting to note that Methods 2 and 3 in general can exploit each other. This is possible because each method employs partial information arrived at the market to estimate the true stock prices at U.S. close. If one variable (say the S&P500 index) contains some information that is not contained by the other variable (say the Nikkei225 index), we can expect one method to be able to profit from the other and vice versa. Among the three competing methods to exploit Method 3, our method appears to be the best in that our implied tstatistics are the highest for each fund. For all 16 funds, the average daily profit that our method can exploit Method 3 is 0.176 percent with an average t-statistic of 3.676. This profitability is annualized to be an economically important 44 percent.
Panel D demonstrates that our method can profit from Method 4 (the S&P500 and Therefore it is important to combine information contained in both the S&P500 and the Nikkei225 indices.
Lastly, Panel E of Table IV shows that Method 5 (the stale price) is highly vulnerable to speculation by all four fair price estimates, and our method is clearly the best method in exploiting the stale price. The average daily profit that our method can exploit from stale pricing is 0.296 percent with an average t-statistic of 6.878. This daily return translates into an economically significant figure of 75 percent per year.
The above analysis based on the benchmark of holding the U.S. T-bill demonstrates that our method indeed provides the most accurate estimate of the true price than all alternative methods in the sense that our fair price estimate is the most successful in preventing exploitation by the alternatives. The stale price is apparently the worst estimate, followed by Method 2 and Method 3. Method 4 which combines the S&P500 and Nikkei225 futures indices employs more information than the other two methods and is the best competitor with our method.
Organized in the same manner, Table V reports the results using the benchmark of buying-and-holding the mutual fund under investigation. This table provides much of the same information as that contained in Table IV In summary, the results reported in this section accord well with intuition and suggest that our method is significantly better than the existing methods. This argument is based on two grounds. First, our method predicts the next-day opening security prices in Japan most accurately among all methods. Second, our method produces the best fair price at the U.S. close in that our stated price cannot be significantly exploited by other methods. Furthermore, for any stated price from an alternative method, our method in general can exploit the stated price significantly and it can do so more profitably than other competing methods.
V. Robustness of Results
In this section, we conduct a number of simulations to check for the robustness of our method's superiority over competing methods in pricing different types of funds. Firstly, we examine how the average stock size in a fund can affect the relative performance of all estimation methods. Secondly, we study the impact of portfolio turnover ratio on the forecast accuracy of the competing methods. Thirdly, we investigate how the number of stocks contained in a fund can affect the relative forecast accuracy. Lastly, we explore the possible effects of fund style (book-to-market ratio) on the relative performance of the estimation methods.
A. Stock Size
In general, small-cap stocks have relatively more idiosyncratic risks than large-cap stocks, and it may be more difficult to predict future prices of small-cap stocks than large-cap stocks using market-wide information. As a result, we may expect that the fair price of a fund consisting primarily of small-cap stocks may be more difficult to estimate than that of a fund consisting mainly of large-cap stocks, all else being equal. However, this may affect all estimation methods.
How the average stock size in a fund affects the relative effectiveness of our method compared to alternative methods is an empirical question and is worth investigating. We follow the procedure described in Section III to simulate three mutual funds, consisting, respectively, of large-cap, medium-cap and small-cap stocks. For each fund, we estimate the fair prices of the constituent stocks using the five methods and compute the RMSE of predicting the next-day open prices of the stocks in the Japanese market. The sample period for the simulation is identical to that of the actual funds. We conduct 400 simulations for each fund and report the average statistics over the 400 replications.
Our simulation results, organized in the similar manner to those in Table III, are reported   in Table VI . As expected, the RMSE increases as the market-cap of stocks in a fund decreases, regardless of the estimation method used. Furthermore, we see that the market-caps of stocks affect the estimation accuracy to a similar extent across estimation methods. As in the case of the 16 actual funds, our method produces a significantly lower RMSE than all alternative methods for each of the size-sorted mutual funds. The t-statistics that our method beats an alternative method vary little across the simulated funds.
B. Portfolio Turnover Ratio
A higher portfolio turnover ratio of a mutual fund changes the stock composition in the fund more frequently and can in turn change the factor loadings of the portfolio systematically.
How this will affect the performance of each estimation method is another empirical question worth examining. We simulate artificial funds with annual turnover ratios ranging from 10 percent to 1,000 percent. We carry out 400 simulations and report the average statistics over the 400 replications in Table VII. Interestingly, we do not find a high sensitivity of the RMSE to the portfolio turnover ratio for each estimation method. For all estimation methods, the RMSEs are quite similar at different turnover ratios. Furthermore, we do not find that the relative performance of our estimation method changes with respect to the portfolio turnover ratio, as justified by the stable t-statistics across funds sorted by turnover ratio. Our method consistently outperforms all alternative methods for all funds regardless of the portfolio turnover ratio.
C. Number of Stocks in a Fund
Our third experiment examines the effect of the number of stocks in a fund on the relative forecast accuracy of fund prices for the various estimation methods. This exercise is warranted because when the number of stocks in a fund increases, the improvement in forecast accuracy may vary across different methods. In other words, some methods may be more suitable for funds with a small number of stocks, while other methods may be more suitable for funds with a larger number of stocks in its portfolio. In this case, our approach of estimating individual stock prices may not be obviously superior to the alternative approaches which adjust prices at the fund level for funds with a given number of stocks. We simulate 5 funds with the number of stocks in each fund ranging from 25 up to 500 stocks. Estimation results are reported in Table   VIII .
We observe a clear pattern that the RMSE monotonically decreases as the number of stocks in a fund increases for all estimation methods. This is because in general the more the number of stocks in a fund, the more diversified the portfolio is, and the more accurately the price of the fund can be predicted by any estimation method. Regardless of the number of stocks in a fund, our method produces a lower RMSE than all alternative methods at the 5 percent significance level.
Interestingly, as the number of stocks in a fund increases, our method seems to benefit relatively more than other methods in terms of forecasting accuracy. We can see that the tstatistic (in absolute value) that our method outperforms an alternative method increases monotonically with the number of stocks in a fund. While each method has the inherent uncertainty in estimating regression parameters, our stepwise regression can create an additional noise in choosing the right explanatory variables for each stock each time (albeit it has the benefit of using better signals when the right explanatory variables are chosen). When the number of stocks increases, the noise in choosing the explanatory variables may decrease relative to the signals captured in our stepwise regression at the portfolio level. We suspect that this may be the reason for why our method performs more favorably relative to other methods for a fund with more stocks than a fund with fewer stocks.
D. Book-to-Market Ratio
Our last experiment examines the performance of our method relative to other methods with respect to fund style in another dimension -the book-to-market ratio. To this end, we simulate three mutual funds, consisting, respectively, of high, medium and low book-to-market ratio stocks. Table IX shows the results.
All estimation methods seem to predict blend funds somewhat better than both value and growth funds, as is justified by the reported RMSEs. Our method outperforms Methods 2, 3 and 5 at the 1 percent significance level for all 3 types of funds, and Method 4 for two types of funds consisting of value and growth stocks. Our method beats Method 4 for the blend fund at the 5 percent significance level. Overall, we find that the superior performance of our method over other competing methods is not affected by fund style.
VI. Conclusion
Recent researchers demonstrate that simple trading strategies using readily available information can significantly exploit pricing errors when international mutual funds use final transaction prices in a foreign exchange to compute daily share prices. To remove return predictability, the literature suggests estimating fair prices of fund shares at the portfolio level using market-wide information. This paper proposes a new methodology to provide fair prices of international fund shares by adjusting prices at the individual securities level using a broad set of information that are readily available publicly. To utilize information efficiently, we employ stepwise regression to endogenously determine the stock-specific optimal set of instruments in estimating the fair price of each stock in a fund. We provide a comprehensive evaluation of our approach along with existing methods using 16 U.S.-based mutual funds investing exclusively in Japanese stocks and obtain several interesting results.
Firstly, for all 16 funds, our method produces the most accurate prediction of fund prices at next-day Japan open, which are the best proxies for the unobserved prices at U.S. close. It outperforms all existing methods at the 5 percent significance level or better in terms of prediction root mean square errors. Secondly, while each existing method removes much of daily return predictability resulting from stale pricing, all of them remain highly vulnerable to speculative attacks. In particular, based on the benchmark of holding the U.S. T-bill, our method can profit from the methods that use either the S&P500 or the Nikkei225 index significantly by 50 and 44 percent annualized returns, respectively. Our method can profit from the best alternative method which uses both the S&P500 and Nikkei225 indices by an annualized return of 23 percent. Thirdly, our method is the most successful in preventing profitable strategic exploitation in that none of the competing methods can significantly profit from our stated price.
Fourthly, simulation results show that our method is superior to existing methods regardless of the various fund styles that a mutual fund may have, including turnover ratio, stock size, number of stocks in a fund, and book-to-market ratio.
The mutual fund industry has various policies in place, such as front-end loads, redemption fees, and transaction restrictions, to deal with the pricing error problem. While these methods can diminish the opportunities for a market timer to trade daily, they do not prevent strategic timing of purchases and do not eliminate the dilution impact on the performance of the funds. Our method which is the least vulnerable to exploitation and can be easily implemented may thus provide a useful alternative approach to solving the stale pricing problem in practice.
Table I. Descriptive Statistics of 16 U.S.-Based Japanese Mutual Funds
This table provides sample statistics of 16 U.S.-based Japanese mutual funds. Columns 1-3 report the fund size, style, and number of stocks in a fund, respectively, where the fund size is denominated in million U.S. dollars. Column 4 reports the equal-weighted average of the book-to-market ratio. Column 5 reports the geometric average market capitalization of the fund's constituent stocks in million dollars. Columns 6-7 report the average annual turnover ratio and the proportion of the fund's assets held in stocks and cash, respectively. All the statistics are obtained from the March 2004 Morningstar CD, except for the bookto-market ratio. The Morningstar data are based on the funds' portfolio disclosure between December 31, 2002 and February 29, 2004 . The book-to-market ratio is obtained from PACAP, averaged over the sample period, from January 2, 1991 to December 31, 2001.
Fund Name
Fund size (1) Style (2) Number of stocks (3) Book-tomarket ratio 
Table II. Explanatory Variables of Stepwise Regressions
This table provides sample statistics as well as cross correlations of the independent variables used in our stepwise regressions. Columns 1-2 report the daily mean return and standard deviation of the variables (in percent) over the sample period. Column 3 reports the proportion of times (in percent) a particular variable is selected into the final regression model. The cross correlations of these variables are reported in Columns 4-11, where the correlations with the industry portfolios (ADRs) represent the average of all industries (ADRs). The daily returns on the dollar-yen rate is measured from Japan close to U.S. close. For the rest of factors, returns are measured from U.S. close to the next-day U.S. close. The sample period is from January 2, 1991 to December 31, 2001.
Cross Correlations
Explanatory Variables 
-Based Japanese Mutual Funds
This table reports the out-of-sample forecasting performance of alternative fair-pricing estimation methods for 16 U.S.-based Japanese mutual funds. The methods investigated are: 1. our proposed method which adjusts asset prices at the securities level using stepwise regressions; 2. adjust asset price at the portfolio level using the S&P500 futures index alone; 3. adjust asset price at the portfolio level using the Nikkei225 futures index alone; 4. adjust asset price at the portfolio level using the S&P500 and Nikkei225 futures indices combined; and 5. stale price without adjustment. Panel A displays the RMSE (in percent) of predicting asset prices at next-day Japan open. Panel B reports the t-statistic that our method 1 yields a lower RMSE than an alternative method. A t-statistic lower than -1.96 (-2.58) indicates that our method outperforms an alternative method at the 5 (1) percent significance level in terms of forecasting accuracy. Both RMSEs and t-statistics are averages over 400 simulations. 
S. T-bill
In this table, each panel reports the profitability of one fair-pricing estimation method exploitable by other competing methods for 16 U.S.-based Japanese mutual funds. The methods investigated are: 1. our proposed method which adjusts asset prices at the securities level using stepwise regressions; 2. adjust asset price at the portfolio level using the S&P500 futures index alone; 3. adjust asset price at the portfolio level using the Nikkei225 futures index alone; 4. adjust asset price at the portfolio level using the S&P500 and Nikkei225 futures indices combined; and 5. stale price without adjustment. The returns are daily averages (in percent) relative to the benchmark of holding U.S. T-bill. A t-statistic larger than 1.96 (2.58) indicates that the estimation method can be exploited by an alternative method at the 5 (1) percent significance level. Both returns and t-statistics are averages over 400 simulations. 194 0.197 0.172 0.193 0.196 0.197 0.187 0.197 0.196 0.196 0.172 0.181 0.193 0.199 0.196 In this table, each panel reports the profitability of one fair-pricing estimation method exploitable by other competing methods for 16 U.S.-based Japanese mutual funds. The methods investigated are: 1. our proposed method which adjusts asset prices at the securities level using stepwise regressions; 2. adjust asset price at the portfolio level using the S&P500 futures index alone; 3. adjust asset price at the portfolio level using the Nikkei225 futures index alone; 4. adjust asset price at the portfolio level using the S&P500 and Nikkei225 futures indices combined; and 5. stale price without adjustment. The returns are daily averages (in percent) relative to the benchmark of buying-and-holding the mutual fund under investigation. A t-statistic larger than 1.96 (2.58) indicates that the estimation method can be exploited by an alternative method at the 5 (1) percent significance level. Both returns and t-statistics are averages over 400 simulations. This table reports the out-of-sample forecasting performance of alternative fair-pricing estimation methods for three synthetic funds with different stock. The methods investigated are: 1. our proposed method which adjusts asset prices at the securities level using stepwise regressions; 2. adjust asset price at the portfolio level using the S&P500 futures index alone; 3. adjust asset price at the portfolio level using the Nikkei225 futures index alone; 4. adjust asset price at the portfolio level using the S&P500 This table reports the out-of-sample forecasting performance of alternative fair-pricing estimation methods for seven synthetic funds with different turnover ratios. The methods investigated are: 1. our proposed method which adjusts asset prices at the securities level using stepwise regressions; 2. adjust asset price at the portfolio level using the S&P500 futures index alone; 3. adjust asset price at the portfolio level using the Nikkei225 futures index alone; 4. adjust asset price at the portfolio level using the S&P500 This table reports the out-of-sample forecasting performance of alternative fair-pricing estimation methods for five synthetic funds with different numbers of stocks in the funds. The methods investigated are: 1. our proposed method which adjusts asset prices at the securities level using stepwise regressions; 2. adjust asset price at the portfolio level using the S&P500 futures index alone; 3. adjust asset price at the portfolio level using the Nikkei225 futures index alone; 4. adjust asset price at the portfolio level using the S&P500 This table reports the out-of-sample forecasting performance of alternative fair-pricing estimation methods for three synthetic funds with different book-to-market ratios. The methods investigated are: 1. our proposed method which adjusts asset prices at the securities level using stepwise regressions; 2. adjust asset price at the portfolio level using the S&P500 futures index alone; 3. adjust asset price at the portfolio level using the Nikkei225 futures index alone; 5. adjust asset price at the portfolio level using the S&P500 close on day (t-1) to U.S. close on day t, 1 -t M, R is the return on index M from U.S. close on day (t-2) to U.S. close on day (t-1), t i, r is the return in dollar terms on Japanese stock i from Japan close on day (t-1) to Japan open on day t, and 1 -t F, R is the return on factor F from U.S. close on day (t-2) to U.S. close on day (t-1). 
Panel
Figure II. Performance Comparison Using Alternative Japanese Market Indices
Panel A plots the out-of-sample RMSEs with respect to different regression window sizes for fair-pricing estimation using three alternative Japanese market indices alone: the Nikkei225 futures index, the Japan ETF, and the equallyweighted average ADR index. Panel B displays the out-of-sample RMSEs for fair-pricing estimation using the S&P500 index combined with each of the three alternative Japanese market indices. The RSMEs are averages over 400 simulations. 
Panel
Figure III. RMSE of Competing Methods with Respect to Regression Window Size
This figure plots the out-of-sample RMSEs of competing fair-pricing estimation methods with respect to different regression window sizes. "S&P" adjusts asset price at the portfolio level using the S&P500 futures index alone; "NK225" adjusts asset price at the portfolio level using the Nikkei225 futures index alone; and "S&P+NK225" adjust asset price at the portfolio level using the S&P500 and Nikkei225 futures indices combined. The RMSEs are averages over 400 simulations. 
